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Abstract
Objective: To investigate the differences in ethnicity, BMI, sex, total airway volume, minimum
cross-sectional area, airway shape, and hyoid bone position in high risk for excessive daytime
sleepiness vs low risk for excessive daytime sleepiness in skeletal class I, II, and III patients
Introduction: Obstructive Sleep Apnea (OSA) is an underdiagnosed medical condition with
many negative consequences on a patient’s overall health (Dempsey, J.A., Veasey, S.C.,
Morgan, B.J., & O’Donnell, 2010). OSA is defined as the occurrence of at least 5 instances per
hour of sleep during which breathing temporarily stops (Motamedi, McClary, & Amedee, 2009).
Undiagnosed OSA could lead to severe consequences ranging from depression, excessive
daytime sleepiness to more severe conditions such as hypertension and even death (Dempsey,
J.A., Veasey, S.C., Morgan, B.J., & O’Donnell, 2010). It is believed that 85% of patients deal
with OSA symptoms daily but go undiagnosed (Motamedi et al., 2009).
Several risk factors place patients at increased risk for OSA such as craniofacial anatomy
(i.e. position of mandible, small mandibles, abnormal soft palate, and size of tonsils) and medical
conditions (i.e. diabetes, HTN). Furthermore, OSA involves constriction of the upper airway and
past research analyzing OSA confirm an association between small upper airway dimensions and
OSA (Ogawa, Enciso, Shintaku, & Clark, 2007). Additionally, Iwasaki et al. reported that
skeletal class II patients with retrognathic mandibles have reduced airway dimensions and Class
III patients may have same airway volume as or larger than Class I cases (Iwasaki, Hayasaki,
Takemoto, Kanomi, & Yamasaki, 2009). Lastly, there are studies that show daytime sleepiness
as a symptom of patients who have OSA (Motamedi et al., 2009).
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OSA is a condition with morbid symptoms that affects a large percentage of the
population but often goes unnoticed. This project investigates the associations between patient’s
ethnicity, BMI, sex, total airway volume, minimum cross-sectional area, airway shape, and hyoid
in skeletal class I, II, and III individuals with high or low risk for excessive daytime sleepiness.
Methods: Patients’ sex, ethnicity, and BMI data in patient records of UNLV Dental School of
Medicine were collected. Patient’s cephalometric radiographs were viewed in Dolphin Imaging
to determine a patient’s skeletal classification via cephalometric analysis utilizing racial and sex
specific norms. Furthermore, it involved utilizing Invivo Anatomage to calculate the total airway
volume, minimum cross section area, and airway shape of each patient. Chi Square, Independent
Samples T-Test, One Way Anova, and Kruskal-Wallis H test was used to investigate any
statistically significant differences in a patient’s ethnicity, BMI, sex, total airway volume,
minimum cross section area, airway shape at the minimum cross-sectional area and hyoid bone
position of skeletal class I, II, and III patients with low or high risk for EDS.
Results: No significant differences between ethnicity, BMI category, sex, total airway volume,
minimum cross-sectional area, airway shape at the minimum cross-sectional area, and hyoid
bone position between high vs low risk for excessive daytime sleepiness patients. Furthermore,
our study showed no differences for the same variables mentioned above when compared
between skeletal Class I, II, and III. Lastly, when comparing the same variables mentioned above
for a combined group of different combinations of risks for sleepiness and skeletal classification
groups, there were no statistically significant differences for all measures except for ethnicity.
The differences in ethnicities among combined groups for risk for sleepiness and skeletal
classification was significant.
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Conclusion: We conclude that there is no relationship between BMI category, sex, total airway
volume, minimum cross-sectional area, airway shape, and hyoid bone position between skeletal
class I, II, and III patients with different risks for excessive daytime sleepiness among adult
UNLV orthodontic patients. However, ethnicity does play a role between the different combined
groups for risk for excessive sleepiness and skeletal classification. More studies need to be done
to see if the same conclusions apply to the entire population of skeletal class I, II, and III with
high or low risk for excessive daytime sleepiness.
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Chapter 1: Introduction
OSA (Obstructive Sleep Apnea) is an underdiagnosed medical condition with many
negative consequences on a patient’s overall health (Dempsey, J.A., Veasey, S.C., Morgan, B.J.,
& O’Donnell, 2010). OSA is defined of at least 5 instances per hour of sleep during which
respiration temporarily stops either partially or completely (Motamedi et al., 2009).
Undiagnosed OSA could lead to severe consequences ranging from depression, excessive
daytime sleepiness to more severe conditions such as hypertension and even death (Dempsey,
J.A., Veasey, S.C., Morgan, B.J., & O’Donnell, 2010). It is believed that 85% of patients suffer
from OSA symptoms daily but go undiagnosed (Motamedi et al., 2009). Several risk factors
place patients at increased risk for OSA such as craniofacial anomalies (i.e. retruded position of
mandible, small mandibles, abnormal soft palate, and size of tonsils), medical conditions (i.e.
diabetes, HTN). Furthermore, OSA involves constriction of the airway and past research
analyzing OSA confirm an association between small upper airway dimensions in OSA patients
(Ogawa et al., 2007). Additionally, there are studies that report skeletal Class II patients with
retrognathic mandibles have reduced airway dimensions (Iwasaki et al., 2009). There are also
studies that report that skeletal Class III patients may have larger or the same airway volume as
skeletal Class I patients (Iwasaki et al., 2009). Lastly, there are studies that show daytime
sleepiness as a symptom of patients who have OSA (Motamedi et al., 2009).
In summary, OSA is a condition with morbid symptoms that affects a large percentage of
the population but often goes unnoticed. The goal of this project is to see if there are
relationships in patient’s ethnicity, BMI, sex, total airway volume, minimum cross-sectional
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area, airway shape, and hyoid bone position in high risk for excessive daytime sleepiness vs low
risk for excessive daytime sleepiness in skeletal Class I, II, and III patients.
Research Question 1
Are there differences in ethnicity, BMI, sex, total airway volume, minimum crosssectional area, airway shape, and hyoid bone position between patients classified as high risk vs
low risk for excessive daytime sleepiness (EDS)?
Hypothesis 1.1: There is a significant difference in ethnicity between patients with high
risk vs. low risk for EDS.
Null Hypothesis 1.1: There is no significant difference in ethnicity between
patients with high risk vs. low risk for EDS.
Hypothesis 1.2: There is a significant difference in BMI between patients with high risk
vs. low risk for EDS.
Null Hypothesis 1.2: There is no significant difference in BMI between patients
with high risk vs. low risk for EDS.
Hypothesis 1.3: There is a significant difference in sex between patients with high risk
vs. low risk for EDS.
Null Hypothesis 1.3: There is a no significant difference in sex between patients
classified as high risk for EDS vs. patients classified as low risk for EDS.
Hypothesis 1.4: There is a significant difference in total airway volume between patients
with high risk vs. low risk for EDS.
Null Hypothesis 1.4: There is no significant difference in total airway volume
between patients with high risk vs. low risk for EDS.
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Hypothesis 1.5: There is a significant difference in minimum cross-sectional area
between patients with high risk vs. low risk for EDS.
Null Hypothesis 1.5: There is no significant difference in minimum crosssectional area between patients with high risk vs. low risk for EDS.
Hypothesis 1.6: There is a significant difference in airway shape at minimum crosssectional area between patients with high risk vs. low risk for EDS.
Null Hypothesis 1.6: There is no significant difference in airway shape at
minimum cross-sectional area between patients with high risk vs. low risk for
EDS.
Hypothesis 1.7: There is a significant difference in hyoid bone position between patients
with high risk vs. low risk for EDS.
Null Hypothesis 1.7: There is a no significant difference in hyoid bone position
between patients with high risk vs. low risk for EDS.
Research Question 2
Are there differences in ethnicity, BMI, sex, total airway volume, minimum crosssectional area, airway shape, and hyoid bone position among patients diagnosed a skeletal class
I, II, or III?
Hypothesis 2.1: There is a significant difference in ethnicity among skeletal class I, II, or
III patients.
Null Hypothesis 2.1: There is no significant difference in ethnicity among skeletal
class I, II, or III patients.
Hypothesis 2.2: There is a significant difference in among skeletal class I, II, or III
patients.
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Null Hypothesis 2.2: There is no significant difference in BMI among skeletal
class I, II, or III patients.
Hypothesis 2.3: There is a significant difference in sex among skeletal class I, II, or III
patients.
Null Hypothesis 2.3: There is a no significant difference in as among skeletal
class I, II, or III patients.
Hypothesis 2.4: There is a significant difference in total airway volume among patients
skeletal class I, II, or III patients.
Null Hypothesis 2.4: There is no significant difference in total airway volume
among skeletal class I, II, or III patients.
Hypothesis 2.5: There is a significant difference in minimum cross-sectional area among
class I, II, or III patients
Null Hypothesis 2.5: There is no significant difference in minimum crosssectional area among skeletal class I, II, or III patients.
Hypothesis 2.6: There is a significant difference in airway shape at minimum crosssectional area among skeletal class I, II, or III patients.
Null Hypothesis 2.6: There is a no significant difference in airway shape at
minimum cross-sectional area among skeletal class I, II, or III patients.
Hypothesis 2.7: There is a significant difference in hyoid bone position among skeletal
class I, II, or III patients.
Null Hypothesis 2.7: There is a no significant difference in hyoid bone position
among skeletal class I, II, or III patients.
Research Question 3

4

Are there differences in ethnicity, BMI, sex, total airway volume, minimum crosssectional area, airway shape, and hyoid bone position among skeletal class I, II, and III patients
with high vs. low risk for excessive daytime sleepiness?
Hypothesis 3.1: There is a significant difference in ethnicity among skeletal class I, II,
and III patients with high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.1: There is no significant difference in ethnicity among skeletal
class I, II, and III patients with high vs. low risk for excessive daytime sleepiness.
Hypothesis 3.2: There is a significant difference in BMI among skeletal class I, II, and
III patients with high vs. low risk for excessive daytime sleepiness.
Null Hypothesis 3.2: There is no significant difference in BMI among skeletal
class I, II, and III patients with high vs. low risk for excessive daytime sleepiness.
Hypothesis 3.3: There is a significant difference in sex among skeletal class I, II, and III
patients with high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.3: There is a no significant difference in sex among skeletal
class I, II, and III patients with high vs. low risk for excessive daytime sleepiness.
Hypothesis 3.4: There is a significant difference in total airway volume among skeletal
class I, II, and III patients classified as high vs. low risk for excessive daytime sleepiness.
Null Hypothesis 3.4: There is no significant difference in total airway volume
among skeletal Class I, II, and III patients with high vs. low risk for excessive
daytime sleepiness.
Hypothesis 3.5: There is a significant difference in minimum cross-sectional area among
skeletal class I, II, and III patients with high vs. low risk for excessive daytime
sleepiness.
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Null Hypothesis 3.5: There is no significant difference in minimum crosssectional area among skeletal class I, II, and III patients classified as high vs. low
risk for excessive daytime sleepiness.
Hypothesis 3.6: There is a significant difference in airway shape at minimum crosssectional area among skeletal class I, II, and III patients with high vs. low risk for
excessive daytime sleepiness.
Null Hypothesis 3.6: There is a no significant difference in airway shape at
minimum cross-sectional area among skeletal class I, II, and III patients with high
vs. low risk for excessive daytime sleepiness.
Hypothesis 3.7: There is a significant difference in hyoid bone position among skeletal
class I, II, and III patients with high vs. low risk for excessive daytime sleepiness.
Null Hypothesis 3.7: There is a no significant difference in hyoid bone position
among skeletal class I, II, and III patients with high vs. low risk for excessive
daytime sleepiness.
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Chapter 2: Literature Review
Overview of OSA
Obstructive sleep apnea is a medical condition that has many negative consequences and
typically goes undiagnosed (Motamedi et al., 2009). It is defined as at least 5 instances per hour
of sleep during which breathing stops due to a partial or complete blockage of the air passage
(Motamedi et al., 2009). Cistulli defines OSA as repetitive closing of the airway while sleeping
resulting in disturbances in sleep and daytime hypersomnolence (Cistulli, 1996). The cessation of
breathing can be classified as either apnea meaning interrupting or hypopnea meaning reducing
(Azagra-Calero, Espinar-Escalona, Barrera-Mora, Llamas-Carreras, & Solano-Reina, 2012). It is
believed that over 85% of patients with significant OSA go undiagnosed (Kato, Adachi,
Koshino, & Somers, 2009). It is a condition that is present in approximately 18 million people in
the US and is more common in males (Prinsell, 2002). The hallmark signs of OSA include signs
of interrupted sleep such as snoring, interruptions of breathing during sleep, and excessive
daytime sleepiness symptoms such as fatigue. The prevalence of OSA is estimated to be highest
among African Americans (Redline, 1998). Among people with OSA, Blacks were
approximately 10 years younger than Caucasians (Redline, 1998). Additionally, older African
Americans were two times more likely to have OSA than older Caucasians (Redline, 1998). In
community-based studies, it has been shown that OSA is more approximately 3x more likely to
be in men than women (Redline, 1998). Age also plays a role and its typically in older people
rather than younger people (Redline, 1998).
Pathophysiology of OSA
OSA is caused by narrowing of the respiratory passages during sleep. The key concept to
understand is that the narrowing occurs while the person is sleeping not while awake. Dempsey
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and colleagues report OSA patients typically have zero to minor complications with respiration
or obstructed airways while awake (Dempsey, J.A., Veasey, S.C., Morgan, B.J., & O’Donnell,
2010).
There is also debate on where the most common place for obstruction for OSA patients
is. Motamedi, McClary, and Amedee state that the most common place for obstruction is the
nasopharynx (Motamedi et al., 2009). However, Azagra-Calero, Espinar-Escalona, BarreraMora, Llamas-Carreras, and Solano-Reina state that the most common place for obstruction is
the oropharynx and hypopharynx (Azagra-Calero et al., 2012). Because of the contradictions,
there seems to be a disagreement on where the airway obstruction is most common in OSA
patients.
The pathophysiology of OSA is multifactorial (Neelapu et al., 2017). The exact causes of
OSA differ among different types of people (Eckert & Malhotra, 2008). The most important
aspects include the ability of the upper airway muscles to respond to breathing difficulties while
the individual is asleep, the arousal threshold defined “as the ability to wake from increased
respiratory drive during sleep”, and the loop gain, which is “defined as stability of the respiratory
control system, and the potential for state-related changes in lung volume to influences these
factors” (Eckert & Malhotra, 2008).
One possible mechanism was described by Motamedi and associates. As a person with
OSA falls asleep, muscles and soft tissues of the airway collapses (Motamedi et al., 2009). This
results in a diminished airway resulting in decreased oxygen levels and increased carbon dioxide
levels (Motamedi et al., 2009). At this point the patient’s sleep is disturbed resulting in an
increase in sympathetic tone and the following contraction of nasopharyngeal tissue, which
allows the alleviation of the obstruction (Motamedi et al., 2009). When the patient falls back
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asleep, the airway is again obstructed until the patient is woken up from sleep again (Motamedi
et al., 2009). The cycle continues throughout the night reducing the quality of the person’s sleep
(Motamedi et al., 2009).
Symptom and Consequences of OSA
There is a plethora of problems with children and adults with OSA. Children with OSA
tend to have snoring, constant arousals, pauses in respiration, daytime sleepiness, and behavioral
problems (Lam et al., 2010). Long term problems consist of having a hard time concentrating,
delayed learning, cardiac problems and in rare cases, death (Lam et al., 2010). Kato states there
is evidence to support the idea that OSA has antecedent mechanism in hypertension (Kato et al.,
2009). Punjabi agrees that there is definitive proof that OSA does increase risk for cardiovascular
problems, especially HTN (Punjabi, 2008). Prinsell states snoring and daytime sleepiness are the
two most prevalent effects in patients who have OSA (Prinsell, 2002). Other less prevalent
symptoms are loss of memory, headaches, increased irritability, increased depression, lack of
concentration, and lack of sex drive (Prinsell, 2002). There is not much controversy regarding
the symptoms of OSA among the leading experts of the field. OSA ranges from mild to severe
and if not treated early can lead to very severe health consequences.
Risk Factors for OSA
Many categories of risk factors predispose people to developing OSA and they include
factors such as craniofacial anomalies, anatomical factors of the craniofacial anatomy, placement
and anatomy of the tongue, location and size of the soft palate, the location of hyoid bone,
medical conditions, and social factors
Craniofacial deformities increase OSA risk in children especially orofacial cleft and
Down syndrome (Lam et al., 2010). Children with craniofacial irregularities have features that
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are known to predispose to OSA such as diminished maxillas and mandibles, irregular tongue
sizes, small oropharynx, and poor muscle tone (Lam et al., 2010).
Craniofacial characteristics can predispose patients to OSA. Craniofacial characteristics
that are more common in OSA patients include small airway spaces, inferiorly placed hyoid
bone, larger anterior facial heights, mandibular deficiency, maxillary hypoplasia, less rigid
cranial bases, and irregular soft palate shapes (Neelapu et al., 2017). The AP position of the
maxilla and mandible have a role in OSA because patients with OSA tend to have a smaller SNB
angle, shorter mandibular length, and clockwise rotation of mandible. All these characteristics
are typical characteristics of skeletal Class II patients (Neelapu et al., 2017). Furthermore, they
typically have narrowed maxillas due to obstruction in the upper airway (Neelapu et al., 2017).
Lastly, the authors noted that the AP position of the maxilla of OSA patients was the same as
normal patients but the maxillary length was decreased. (Neelapu et al., 2017).
Position and size of the soft palate also plays an important role in predisposing patients to
OSA. Larger size of tongue and soft palate obstruct the upper airway (Neelapu et al., 2017).
Furthermore, older patients have a greater increase in soft palate length resulting in obstruction
of the upper airway (Neelapu et al., 2017). Larger tongues typically have a more posterior
position resulting in diminished airway space (Neelapu et al., 2017). It is also important to note
that position and shape of the tongue changes during breathing; it is dynamic (Neelapu et al.,
2017).
Certain airway shapes also predispose a patient to developing OSA (Ogawa et al., 2007).
Ogawa et al. performed an experiment involving ten OSA patients and ten non-OSA control
subjects to compare upper airway configurations (Ogawa et al., 2007). They found that the
airway configuration of OSA subjects were ellipse or concave (Ogawa et al., 2007). Whereas, the
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airway shape of non-OSA patients presented with a square, concave, or round airway shape
(Ogawa et al., 2007). The explanation is that certain airway shapes are more susceptible to
collapse during sleep (Ogawa et al., 2007). However, more studies are needed to test this theory
(Ogawa et al., 2007).
Perhaps the most important factor in diagnosing OSA is the position of the hyoid bone
(Neelapu et al., 2017). Superiorly placed hyoid bone decreases chances of airway collapse
whereas inferiorly placed hyoid bone is the exact opposite (Neelapu et al., 2017). The position
of the hyoid bone is variable during swallowing or breathing similar to the tongue (Neelapu et
al., 2017).
Diagnosis of OSA
The first requirement to diagnosing OSA is obtaining an accurate and comprehensive
health history (Azagra-Calero et al., 2012). This history should include a history of
tonsillectomy/adenoidectomy, alcohol use, list of medications, and history of diagnosed
craniofacial anomalies (Azagra-Calero et al., 2012). Furthermore, a physical examination that
records the patient’s height, weight, and body mass index should be administered (Azagra-Calero
et al., 2012). Upper airway passages should be looked at as well (Azagra-Calero et al., 2012).
Furthermore, radiographs capturing the craniofacial anatomy should be taken. (Azagra-Calero et
al., 2012).
The best way to confirm OSA is a polysomnography (Patel & Fogel, 2006). Neelapu and
colleagues agree that polysomnography study is the best way to diagnose OSA (Neelapu et al.,
2017). However, that is not the sentiment of everyone who is involved in OSA research. Kaplan
et al found that the metrics that PSG measures correlated very minimally to the patient’s
perception of how good their previous night's sleep was (Kaplan et al., 2017). The best way to
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diagnose OSA should include a comprehensive approach involving medical history, overnight
PSGs, and Epworth Sleepiness Scale.
Polysomnography calculates several important indicators for sleep. The “apneahypopnea index (AHI)” is one of them. The terminology AHI is characterized as “sum of apneas
and hypopneas per hour of sleep” (Polysomnography in Patients With Obstructive Sleep Apnea
An Evidence-Based Analysis, 2006). The terminology Apnea means “the absence of airflow for
greater or equal to 10 seconds” (Polysomnography in Patients With Obstructive Sleep Apnea An
Evidence-Based Analysis, 2006). The definition of Hypopnea is “reduction in respiratory effort
with less than or equal to 4% of oxygen desaturation” (Polysomnography in Patients With
Obstructive Sleep Apnea An Evidence-Based Analysis, 2006). The meaning of RDI is “sum of
apneas, hypopneas, and abnormal respiratory events per hour of sleep” (Polysomnography in
Patients With Obstructive Sleep Apnea An Evidence-Based Analysis, 2006). An AHI of at least
five or greater for every hour of sleep is not considered normal especially if it is accompanied
with excessive daytime sleepiness (Polysomnography in Patients With Obstructive Sleep Apnea
An Evidence-Based Analysis, 2006). Calik reports that OSA is characterized by greater than or
equal to 10 second apnea or hypopnea in airflow (Calik, 2016). Diagnosis of OSA requires more
than just test.
The drawback of PSG is that it is a relatively costly, time consuming, and complicated
technique (Polysomnography in Patients With Obstructive Sleep Apnea An Evidence-Based
Analysis, 2006). These limitations make the PSG impractical for evaluating OSAS on a large
scale. An alternative to PSG is an at-home sleep test. At home sleep tests are considered level 3
devices that allow individuals to record and analyze their sleep in the comfort of their own home
(Shayeb, Topfer, Stafinski, Pawluk, & Menon, 2014). The at home sleep device records
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oximetry, airflow, and respiratory effort but does not measure amount of sleep, number of times
being woken up, or sleep disorders not related to respiration (Shayeb et al., 2014). Shayeb and
his associates conducted systematic review and meta-analysis of at home sleep tests vs in
laboratory polysomnography (Shayeb et al., 2014). They concluded that level 3 at home sleep
tests were comparable to in the in lab polysomnography in adults with moderate to severe OSA
with no comorbidities (Shayeb et al., 2014). However, they did state the limitation of at home
sleep tests is it does not detect sleep disorders not related to respiration (Shayeb et al., 2014).
Epworth Sleepiness Scale and Excessive Daytime Sleepiness.
The terminology Excessive daytime sleepiness (EDS) is characterized as a reduction in
attentiveness during the day (Boyes, Drakatos, Jarrold, Smith, & Steier, 2017). Excessive
daytime sleepiness can cause harm by reducing alertness during the day especially during driving
(Boyes et al., 2017). There are multiple methods to identify EDS caused by OSA utilizing the
overnight polysomnography (Boyes et al., 2017). However, it can be time consuming and
expensive. Thus, Murray Johns developed the Epworth Sleepiness Scale (ESS) in 1991 to
analyze how at risk the individual was for excessive daytime sleepiness (Omobomi & Quan,
2018). ESS is a validated survey to determine subjective EDS (Boyes et al., 2017). It has been
used in research as an index of daytime sleepiness in association with OSA (Omobomi & Quan,
2018). The ESS is a self-administered questionnaire involving questions that ask about whether
he or she would fall asleep in daily situations commonly encountered throughout the day (Wu et
al., 2012). A score greater than 10 indicates the presence of excessive daytime sleepiness
whereas a score of equal to 10 or less does not (Omobomi & Quan, 2018). It seems like
administering ESS during initial exams for medical and dental professionals would be good for
screening for patients predisposed to OSA.
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Treatment Modalities of OSA
There are various treatment options for OSA ranging from weight loss to surgery. The
first treatment of choice for any condition should typically be the most conservative if possible,
such as weight loss. Calik reports a meta-analysis of 3 RCTs showed that weight loss resulted in
the reduction in OSA severity(Calik, 2016). He also reports that more weight the person (greater
than 10 kg) or a more severe OSA had the greatest change in severity of OSA after weight loss
(Calik, 2016).
However, OSA is multifactorial condition and may require additional measures if weight
loss is not enough. Oral appliances prevent upper airway collapse by bringing the mandible
forward, making more space for the tongue, or raise the soft palate and can be an effective
treatment for OSA (Calik, 2016). Oral appliances have been shown to be effective for people
with mild to moderate OSAS (Calik, 2016). However, studies have shown that AHI went down
by 50% only in the short term (Calik, 2016). In the long term, the positive effect disappeared
(Calik, 2016). Furthermore, there are many side effects of these appliances ranging from upper
and lower incisor discomfort, too much salivation, dry mouth, headache, and bruxism (AzagraCalero et al., 2012).
CPAP, acronym for continuous positive airway pressure, is another form of treatment of
OSA. Calik believes CPAP to be the absolute best way to treat most patients with OSA (Calik,
2016). CPAP prevents the upper airway from shutting closed by forcing air into the airway.
(Azagra-Calero et al., 2012). CPAPs are very successful and have been shown to be more
effective than mandibular advancing appliances in treating OSA when worn (Azagra-Calero et
al., 2012). A huge drawback of a CPAP is that it is not tolerated well by many patients (AzagraCalero et al., 2012). Patient compliance levels are approximately 50-60% due to complications
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with CPAP machines such as mask leaks, nasal congestion, and sleep disruption (Azagra-Calero
et al., 2012).
Surgical treatment option is available for OSA. Maxillo-mandibular advancement
(MMA) has proven to be successful and it involves forward positioning of the mandible and the
maxilla. This results in forward positioning of many muscles involved in keeping the airway
open. Examples of such muscles are the anterior digastric muscle, mylohyoid muscle,
genioglossal muscle, and the geniohyoid muscle (Azagra-Calero et al., 2012). Forward
positioning of mandible and all these muscles results repositioning the tongue forward resulting
in more air flow during sleep alleviating symptoms of OSA (Azagra-Calero et al., 2012). Success
rate of MMA for treating OSA varies between 75-100% (Azagra-Calero et al., 2012). Indications
for MMA surgery includes AHI measured less than fifteen, with inadequate oxygen saturation,
daytime sleepiness in excess, ineffective non-invasive treatments, lack of tolerance of the CPAP,
multiple sites of obstruction, and skeletal Class II malocclusion (Azagra-Calero et al., 2012).
Azagra-Calero et al seem to infer that MMA should only be reserved for severe OSA cases
where CPAP or other conservative means do not alleviate the symptoms (Azagra-Calero et al.,
2012). Prinsell disagrees and believes that MMA should not be a treatment of last resort
(Prinsell, 2002). Rather, he believes it should be considered the first treatment of choice
(Prinsell, 2002). Because of the potential complications and morbidity with MMA, MMA as a
first-choice treatment is perhaps too extreme.
2-D Cephalometry and Steiner’s Analysis for Skeletal Classification
2-D cephalometry is a radiographic technique is an important part to evaluate
craniofacial growth and development (Arora, Dhar, Diwanji, & Singh Rathore, 2012). It allows
growth changes to be seen in the human skull (Arora et al., 2012). The cephalometric
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measurements are compared to standard values in order to quantify the changes seen (Arora et
al., 2012). Various cephalometric analyses such as Steiner’s, Wits, Downs, and many others exist
today.
Steiner published a method to evaluate both hard and soft tissues utilizing 2-D
cephalometric radiographs (Arora et al., 2012). It gives a series of measurements for diagnosis
that aid in treatment planning based on growth predictions (Abdullah MAR Kuijpers Bergé C
Katsaros, Abdullah, Bergé, & Katsaros, 2006). For example, part of the Steiner analysis involves
ANB, which gives the position of the mandible in relation to maxilla, which helps in the
diagnosis of a patient’s antero-posterior skeletal classification (Abdullah MAR Kuijpers Bergé C
Katsaros et al., 2006).
There is debate regarding the best cephalometric analysis for diagnosis amongst
orthodontists. Numerous analyses have been proposed to calculate the AP difference between the
maxilla and mandible. Several investigators have attempted to discover which analysis is the
most accurate. For example, Maheen Ahmed and associates carried out an experiment to
determine the validity of several cephalometric measurements for determining sagittal AP
skeletal discrepancies (Ahmed, Shaikh, & Fida, 2018). They retrospectively collected dental
records of various dental patients and identified the following parameters: ANB angle, Wits
appraisal, AB plane angle, Beta angle, W angle, and Downs angle of convexity (Ahmed et al.,
2018). The norms of each analysis were used to classify AP skeletal classification. These
individual analyses were compared to the “final diagnosis”, which was defined as the result of
most of the analyses agreed with (Ahmed et al., 2018). The investigators of the study concluded
that the “ANB angle was found to be the most valid and reliable indicator in all sagittal groups”
(Ahmed et al., 2018).
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AP Skeletal Classification and Hyoid Bone Position
The role of skeletal sagittal pattern and its relationship to hyoid bone position is
controversial. For instance, a study done by Nidhin Philip Jose and colleagues evaluating hyoid
bone position in different types of skeletal malocclusion concluded that hyoid bone maintains a
relatively constant AP position in Class I, II, and III subjects (Jose, N.P, Shetty, S., Mogra, S.,
Shetty, V.S., Rangarajan, S., & Mary, 2014). However, another study done by Samare Mortazavi
and colleagues attempting to evaluate the location of the hyoid bone among patients with
different skeletal patterns concluded that the hyoid bone changes position depending on the
skeletal classification (Mortazavi et al., 2018). The differences in methodology could account for
the differences in conclusions. However, the main idea is there is conflicting studies on whether
there is any association between sagittal skeletal pattern and hyoid bone position.
Cephalometric Norms, Obstructive Sleep Apnea, and Ethnic Differences
Cephalometric analysis has been used broadly to determine craniofacial growth form and
growth (Lee, Ramirez, Will, & Houston, n.d.). Recently, it has earned a major part in the
assessment of OSA (Lee et al., n.d.). Cephalometric analysis has been used with comprehensive
head and neck examinations, polysomnograms, and endoscopic studies to diagnose obstructive
sleep apnea (Lee et al., n.d.). The agreed norms for cephalometric has been set years ago. In the
past, most studies used to establish cephalometric norms used control subjects ages eighteen to
sixty-five and were Caucasian (Lee et al., n.d.).
However, investigators are realizing that there is large amount of diversity in soft and
hard tissue measurements among different ethnicities (Lee et al., n.d.). For example, African
American profiles tend to be high angle, more protrusive, larger mandibular plane angles, acute
interincisal angles, flared out lower incisors, enormous ANB angles, longer mandibular bodies,
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shorter mandibular ramus, and a more forward positioned maxilla than their counterparts (WenJeng Huang, DDS, MS; Reginald W. Taylor, DMD, DMSc; Amanda P. Dasanayake, BDS,
MPH, 1998).
The ethnic differences do not only exist among Caucasians and African Americans.
Various investigators discovered that dental protrusion is more common in Hispanics compared
to Caucasians. Canavati studied 60 Latino-American children of 4-5 years of age and stated that
they found a higher chance of dental protrusion when compared with Caucasians (Gonzalez,
Schlenker, Sugiyama, & Caruso, 2013). Kennedy studied cephalometric measurements of LatinAmerican children ranging between 4-8 years of age and found similar results (Gonzalez et al.,
2013). Velarde in 1974, Garcia in 1975, and Swlerenga in 1994 also found that Hispanics tend to
have more prognathism than Caucasians (Gonzalez et al., 2013). Because of all these ethnic
differences, it is important to use race-specific norms when making a diagnosis with
cephalometric analysis.
2-D Cephalometry and Airway Assessment
In the past, cephalometric radiographs have been used in numerous studies for airway
assessment because of its low cost, ease of accessibility, and low radiation dose (Sprenger et al.,
2017). Recently, several investigators have questioned the validity of utilizing cephalometric
radiographs in assessing the airway. To clear up the controversary, Drs Holmberg and LinderAronson conducted a study where measured clinical findings such as nasal airway index, airflow
velocity, and adenoid size and correlated to findings on lateral and frontal cephalometric
radiographs (Holmberg & Linder-Aronson LDS, 1979). They concluded that lateral and front
cephalometric radiographs were an acceptable in evaluating the nasopharnyx and nasal airway
capacity (Holmberg & Linder-Aronson LDS, 1979).
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Despite, this study, other investigators have criticized Drs Holmberg and LinderAronson's research. Peter S. Vig and associates have strongly criticized the methodology of how
Drs Holmberg and Linder-Aronson have carried out their research (Vig, Peter and Hall, 1979). In
their opinion, they believe cephalometric radiographs are inadequate for assessing airway
obstruction (Vig, Peter and Hall, 1979). Peter S. Vig and colleagues are not alone in their
conclusion that cephalometric radiographs are not enough to analyze the airway. Sprenger and
colleagues mention that one of the limitations of the cephalometric radiographs analyzing airway
is that it is a 2D representation of an object that is 3D. Because of that, they mentioned that
computed tomography may be a better way of assessing it (Sprenger et al., 2017).
CBCT and How It Works
CBCT is new technology that reproduces x-rays three-dimensionally. It is achieved by
utilizing a spinning gantry (Scarfe & Farman, 2008). Ionizing radiation in the shape of a cone is
shot through a specific area onto an x-ray detector on the opposing side (Scarfe & Farman,
2008). As the x-ray source and detector rotate, multiple images of the object of interest collected
in a full arc (Scarfe & Farman, 2008).
CBCT has the capability to scan in 3 different positions, which are sitting, standing, and
supine (Scarfe & Farman, 2008). Each has their pros and cons but seated is considered the most
comfortable (Scarfe & Farman, 2008). However, this position may not allow scanning of
disabled patients (Scarfe & Farman, 2008). Despite the position that is chosen, the most
important aspect while positioning is the use of a head restraint to stabilize the patient’s head
while scanning (Scarfe & Farman, 2008).
The four aspects of CBCT are “acquisition configuration, image detection, image
reconstruction, and image display” (Scarfe & Farman, 2008). The way CBCT works is “each
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mage is made by a sequential, single-image capture of attenuated x-ray beams by the detector”
(Scarfe & Farman, 2008). The area of interest depends on the “detector configuration and size,
beam projection geometry, and the collimation of the beam” (Scarfe & Farman, 2008). Larger
frame rates give x-rays with improved quality and less artifacts (Scarfe & Farman, 2008).
However, the drawback is more frame rates increases the radiation dose a patient receives
significantly (Scarfe & Farman, 2008). Following ALARA (as low as reasonably achievable),
the frame rates that is selected should be just enough to produce a diagnostic image (Scarfe &
Farman, 2008).
CBCT have many advantages in dentistry. Those advantages of CBCT include a smaller
and cheaper than a medical CT, provides images of highly differentiable objects, rapid scan time,
allows for less radiation dose to area of interest, highly accurate images, reduced patient
radiation dose, multiplanar reformation, ray sum or ray casting, 3D volume rendering, indirect
volume rendering, and direct volume rendering (Scarfe & Farman, 2008).. The critics of CBCT
concentrate on the disadvantages. These disadvantages include “x-ray beam artifacts due to the
polychromamtic nature of the projection x-ray beam, patient related artifacts due to patient
movement while scanning, scanner-related artifacts, cone-beam artifacts, partial, volume
averaging, under-sampling, cone-beam effect, image noise, and poor soft tissue contrast” (Scarfe
& Farman, 2008).
CBCT and Airway Assessment
One of the major criticisms of utilizing 2D cephalometric images to analyze airway is
that it is a 2D representation of a 3D structure. With the invention of CBCT, we can create threedimensional radiographic images of 3D objects. Naturally, investigators were interested in the
accuracy of CBCT to evaluate the airway. Ghoneima and Kula set out to determine the accuracy
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of CBCT for airway volume analysis (Ghoneima & Kula, n.d.). They constructed airway model
made out of acrylic material and attached it to a skull (Ghoneima & Kula, n.d.). The airway
volume along with the most narrowed area in the airway was measured manually on the model
and on the CBCTs taken (Ghoneima & Kula, n.d.). They found no significant statistical
difference between the airway measurements made manually and the airway measurements
measured on the CBCT (Ghoneima & Kula, n.d.). They concluded that CBCT analyses of the
airway are reliable and accurate (Ghoneima & Kula, n.d.).
Conclusion and Purpose
There are various factors that predispose people to OSA. This research project will focus
on determining if there is a difference in airway volume, minimum cross-sectional area, and
shape of the airway between high risk and low risk group for excessive daytime sleepiness. This
study will add to the current body of knowledge regarding risk factors of OSA. It will help
medical and dental providers identify patients predisposed to OSA to make the proper
recommendation and referral.
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Chapter 3: Materials and Methods
UNLV IRB approval for use of archived orthodontic records was obtained (Protocol # 11568311) Study sample was a convenient sample of patients in the UNLV orthodontic clinic.
Inclusion criteria:
1) Adults 18-60 years of age
2) Records that contained a pretreatment CBCT and Cephalometric X-rays
Exclusion criteria:
1) Patients with syndromes known for their high risk for OSA
2) Inadequate quality of records (poor CBCT image quality)

The initial sample was patients who had a CBCT code completed at UNLV Orthodontic
Clinic. Patients who did not have a CBCT available, undiagnostic images, or other exclusion
criteria were eliminated. Two hundred and eighty two patients were classified into skeletal Class
I, Class II, or Class III using racial and sex specific cephalometric ANB norms and radiographs
in Dolphin Imaging (Chatsworth, CA). High or low risk for excessive daytime sleepiness was
classified utilizing Epworth Sleepiness Scale. Furthermore, the sample was classified according
to age, sex, BMI, and ethnicity. Then, the patients were de-identified by an orthodontic faculty.
Airway volume, minimum cross-sectional area, airway shape, and hyoid bone position were
determined utilizing Cone Beam CT in Invivo5 (Anatomage, San Jose, CA) software.
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Once all the Patients was classified, groups were further divided to the categories below.
Skeletal Classification
1) Skeletal Class I
2) Skeletal Class II
3) Skeletal Class III
Sleepiness Only
1) Low risk for excessive daytime sleepiness
2) High risk for excessive daytime sleepiness
The categories were analyzed to determine differences in total airway volume, minimum crosssectional area, airway shape, and hyoid bone position via statistical analysis.
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Cephalometric Measurements
AP Skeletal classification was determined using Steiner Analysis.
1) SNA angle was determined for each patient and recorded. SNA angle illustrated below.

Figure 3-1: SNA measurement

2) SNB Angle was determined for each patient and recorded. SNB angle illustrated below.
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Figure 3-2: SNB measurement

3) ANB angle was determined by subtracting SNB from SNA. ANB angle illustrated below.
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Figure 3-3: ANB measurement
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Once ANB values were determined for each patient. All patients were classified as skeletal class
I, II, or III with race specific adult ANB norms as seen below. Please note the values are in
degrees and formatted as Mean +/- Standard Deviation.
1. African Americans (Wen-Jeng Huang, DDS, MS; Reginald W. Taylor, DMD, DMSc;
Amanda P. Dasanayake, BDS, MPH, 1998)
a. Male

2.

3.

4.

5.

i. 3.46 +/- 1.60
b. Female
i. 4.66 +/- 1.78
Caucasians (Gonzalez et al., 2013)
a. Male
i. 2. +/- 2
b. Female
i. 2 +/- 2
Hispanic (Gonzalez et al., 2013)
a. Male
i. 3.4 +/- 2
b. Female
i. 3 +/- 2
Asians (Gu, McNamara, Sigler, & Baccetti, 2011)
a. Male
i. 3.5 +/- 1.4
b. Female
i. 3.9 +/- 1.8
Indians (Farishta, Praveen Kumar Varma, Srinivas Reddy, Chandra, & Nanda, 2011)
a. Male
i. 1.72 +/- 0.7
b. Female
i. 2.07 +/- 1.0

Skeletal classification was determined as follows:
1) Skeletal Class I – Patient's ANB value was within one standard deviation of mean
either positive or negative direction.
2) Skeletal Class II – Patient's ANB value was within exceeds one standard deviation in
the positive direction.
3) Skeletal Class III – Patient's ANB value exceeds one standard deviation in the
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negative direction.
3D Airway Analysis
Volumetric Area of Interest
Defined by 2 borders below
Upper border – Line drawn parallel to posterior nasal spine
Lower border – Line drawn perpendicular to hyoid bone

Figure 3-4: Volumetric Area of Interest
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Minimum Cross-Sectional Area and Total Airway Volume
Invivo program calculates the total airway volume and the minimum cross-sectional area after
defining the volumetric area of interest as shown below:

Figure 3-5: Total Airway Volume and Minimum Cross-Sectional Area

Shape at Minimum Cross-Sectional Airway
Invivo was used to measure the anteroposterior (AP) and lateral dimensions of the airway at the
minimum cross-sectional area. If lateral dimension was greater than AP dimension, then the
airway shape was characterized as ellipse. If AP dimension was greater than lateral dimension,
then the airway shape was characterized as anteroposterior oriented (APO) airway. If lateral
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dimension is within 0.5mm of AP dimension, then the airway shape was characterized as
circular.

Figure 3-6: Ellipse
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Figure 3-7: Anteriorposterior oriented (APO)

Figure 3-8: Circular
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Hyoid Bone Position
Using Invivo, a line was drawn to indicate the inferior border of the mandible. Then, a line was
drawn from the most anterior-superior portion of the hyoid bone to the inferior border of the
mandible as illustrated below. Measuring that line defines the hyoid bone position. (Genta et al.,
2014)

Figure 3-9: Hyoid Bone Position

Epworth Sleepiness Scale
A score of 10 or more indicates the possibility of a sleep disorder and should be discussed
with physician or dentist.
-A score > 10 means high risk excessive daytime sleepiness
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-A score of <10 means low risk excessive daytime sleepiness

Figure 3-10: Epworth Sleepiness Scale

Johns, M. (n.d.). Epworth Sleepiness Scale [Survey]. Retrieved from
https://epworthsleepinessscale.com/about-the-ess
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Statistical Analysis
Collected Excel Data was transferred into SPSS for statistical analyses. Intraclass
correlation will be used to test reliability of total airway volume, minimum cross-sectional area,
and hyoid bone position measurements. Kolmogorov-Smirnov tests, Shapiro Wilk tests, and Q-Q
plots will be used to test normality of groups with n < 30 in order to choose the appropriate
significance test. The statistical analyses performed were Chi Square, Independent Samples ttest, One Way Anova, and Kruskal-Wallis H test.
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Chapter 4: Results
Descriptive Statistics of Whole Sample
The sample consisted of 282 patients. For the sex distribution of the sample, there was
101 males and 181 females.

Table 4-1 Gender

The race distribution was 142 Hispanics, 87 Caucasians, 30 African Americans, 21
Asians, and 2 Indians.

Table 4-2 Race
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The sleepiness classification included 250 low sleepiness patients and 32 high sleepiness
patients

Table 4-3 Sleepiness

The skeletal classification included 120 class I patients, 105 class II patients, and 57 class
III patients.

Table 4-4 Skeletal Classification
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The BMI classification included 23 underweight, 95 normal, 36 overweight, and 26 obese
patients.

Table 4-5 BMI Category

The airway shape classification included 253 ellipse, 20 antero-posterior oriented (APO),
and 9 circular.

Table 4-6 Shape
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Sleepiness Descriptive Statistics
In regard to ethnicities, for the low sleepiness patients, there was 129 Hispanics, 80
Caucasians, 23 African Americans, 16 Asians, and 2 Indians. For the high sleepiness patients,
there was 13 Hispanics, 7 Caucasians, 7 African Americans, 5 Asians, and 0 Indians.

Table 4-7 Sleepiness Ethnicity
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In regards to BMI categories, for the low sleepiness patients, there were 18 underweight,
88 normal, 33 overweight, 33 overweight, and 23 obese. For high sleepiness patients, there were
5 underweight, 7 normal, 3 overweight, and 3 obese.

Table 4-8 Sleepiness BMI Category
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In regards to the shape of the airway at the minimum cross-sectional area, for low
sleepiness patients, there were 223 ellipse, 19 APO, and 8 circular. For high sleepiness patients,
there was 30 ellipse, 1 APO, and 1 circular.

Table 4-9 Sleepiness Airway Shape

In regards to the gender, for low sleepiness patients, 87 were male and 163 were female.
For high sleepiness patients, there were 14 males and 18 females.
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Table 4-10 Sleepiness Gender

Skeletal Classification Descriptive statistics
In regard to ethnicities, , there were 62 Hispanics, 39 Caucasians, 9 African Americans,
10 Asians, and 0 Indians skeletal Class I patients. There were 52 Hispanics, 35 Caucasians, 12
African Americans, 4 Asians, and 2 Indians Skeletal Class II patients. Lastly, there were 28
Hispanics, 13 Caucasians, 9 African Americans, 7 Asians, and 0 Indians skeletal Class III
patients.
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Table 4-11 Skeletal Classification Ethnicity

BMI categories, in skeletal Class I included12 underweight, 39 normal, 14 overweight,
and 8 obese patients. In skeletal Class II category, there were 8 underweight, 35 normal, 13
overweight, and 13 obese Patients. In the skeletal class III category, there were 3 underweight,
21 normal, 9 overweight, and 5 obese patients.
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Table 4-12 Skeletal Classification BMI Category

In skeletal Class I, the shape of the airway at the minimum cross section, there were 107
ellipses, 9 APO, and 4 circular shaped airways. While skeletal Class II, had 96 ellipses, 5 APO,
and 4 circular shaped airways. Lastly, skeletal Class III included 50 ellipses, 6 APO, and 1
circular shaped airways.
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Table 4-13 Skeletal Classification Airway Shape

In regard to gender the study had 44 males and 76 females in the skeletal Class I
category, 33 males and 72 females in the skeletal Class II category, and24 males and 33
Females in Class III Category.
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Table 4-14 Skeletal Classification Gender

Combined Skeletal Classification and Sleepiness Descriptive statitics
The low risk for excessive sleepiness+ class I group comprised of 55 Hispanics, 33
Caucasians, 8 African Americans, 6 Asians, and 0 Indians while the high risk for excessive
sleepiness + Class I group included 7 Hispanics, 6 Caucasians, 1 African American, 4 Asians,
and 0 Indians The low risk for excessive sleepiness+class II, included 49 Hispanics, 35
Caucasians, 8 African Americans, 4 Asians, and 2 Indians while the high risk for sleepiness +
Class II patients, there were 3 Hispanics, 0 Caucasians, 4 African Americans, 0 Asians, and 0
Indians. The low risk of sleepiness+class III patients, had 25 Hispanics, 12 Caucasians, 7 African
Americans, 6 Asians, and 0 Indians while the high risk for sleepiness + Class III patients, there
were 3 Hispanics, 1 Caucaisan, 2 African Americans, 1 Asian, and 0 Indians.
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Table 4-15 Combined Skeletal Classification and Sleepiness Ethnicity

The low risk for excessive sleepiness +Class I had 9 underweight, 35 normal, 13
overweight, and 8 obese BMI categories while the high risk for excessive sleepiness + Class I
patients had 3 underweight, 4 normal, 1 overweight, and 0 obese BMI categories . The low risk
of excessive sleepiness +Class II had underweight, 34 normal, 13 overweight, and 12 obese BMI
categories while the high risk of excessive sleepiness +Class II patients had 2 underweight, 1
normal, 0 overweight, and 1 obese BMI categories. The low sleepiness/class III patients, there
were 3 underweight, 19 normal, 7 overweight, and 3 obese BMI categories while the high risk of
excessive sleepiness Class III patientshad 0 underweight, 2 normal, 2 overweight, and 2 obese
BMI categories.
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4-16 Combined Skeletal Classification and Sleepiness BMI Category

In regards to airway shape at minimum cross-sectional area, the low risk for excessive
sleepiness +Class I hadthere were 90 ellipse, 9 APO, and 3 circular shapes while high risk for
excessive sleepiness Class I had 17 ellipse, 0 APO, and 1 circular airway shapes. The low risk of
excessive sleepiness +Class II category had 89 ellipse, 5 APO, and 4 circular airway shapes
while the high risk of excessive sleepiness +Class II category had 7 ellipse, 0 APO, and 0
circular airway shapes . The low risk of excessive sleepiness +Class III category had 44 ellipse, 5
APO, and 1 circular airway shapes while the high risk of excessive sleepiness +Class IIIhad 6
ellipse, 1 APO, and 0 circular airway shapes.
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4-17 Combined Skeletal Classification and Sleepiness Airway Shape

In regards to gender, for low sleepiness/class I, there were 35 males and 67 females. For
low sleepiness/class II, there were 31 males and 67 females. For low sleepiness/class III, there
were 21 males and 29 females. For high sleepiness/class I, there were 9 males and 9 females. For
high sleepiness/class II, there were 2 males and 5 females. For high sleepiness/class III, there
were 3 males and 4 females.
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Table 4-18 Combined Skeletal Classification and Sleepiness Gender

Total Airway Volume, Minimum Cross-Sectional Area, and Hyoid MP Means
In the low risk for excessive sleepiness patients, the total airway volume, minimum crosssectional area, and hyoid mandibular plane distance was 20.328cc,153.093mm2, and 12.212mm
respectively. In the high risk for excessive sleepiness patients, the total airway volume, minimum
cross-sectional area, and hyoid mandibular plane distance was 20.778cc, 161.553mm2, and
11.462mm respectively.

Table 4-19 TAV, MCS, HyoidP Descriptives for Sleepiness
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For skeletal Class I patients, the total airway volume, minimum cross-sectional area, and
hyoid mandibular plane was 19.872cc, 155.339mm2, and 11.756mm respectively. For skeletal
Class II patients, the total airway volume, minimum cross-sectional area, and hyoid mandibular
plane was 20.451cc, 165.293mm2, and 12.577mm respectively. For skeletal Class III patients,
the total airway volume, minimum cross-sectional area, and hyoid mandibular plane was 21.316
cc, 165.293mm2, and 12.078mm respectively.

Table 4-20 TAV, MCS, and HyoidP Descriptives for Skeletal Classification

For the low risk of excessive sleepiness + Class I patients, the total airway volume,
minimum cross-sectional area, and hyoid mandibular plane was 19.381cc, 154.034mm2, and
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11.976mm respectively. For the low risk of excessive sleepiness + Class II patients, the total
airway volume, minimum cross-sectional area, and hyoid mandibular plane was 20.584cc,
145.649mm2, and 12.558mm respectively. For the low risk of excessive sleepiness + Class III
patients, the total airway volume, minimum cross-sectional area, and hyoid mandibular plane
was 21.760cc, 165.762mm2, and 12.013mm respectively. For the high risk of excessive
sleepiness + Class I patients, the total airway volume, minimum cross-sectional area, and hyoid
mandibular plane was 22.650cc, 162.733mm2, and 10.508mm respectively. For the high risk of
excessive sleepiness + Class II patients, the total airway volume, minimum cross-sectional area,
and hyoid mandibular plane was 18.600cc, 158.129mm2, and 12.833mm respectively. For the
high risk of excessive sleepiness + Class III patients, the total airway volume, minimum crosssectional area, and hyoid mandibular plane was 18.143cc, 161.943mm2, and 12.544mm
respectively.
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Table 4-21 TAV, MCS, and HyoidP Descriptives for Sleepiness and Skeletal Classification

Intraclass Correlation Coefficient Test
Intraclass correlation coefficient was performed to see repeatability of measuring total
airway volume, minimum cross-sectional area, and hyoid bone position. All measures were
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determined to have excellent reliability. Refer to statistical addendum for results of intraclass
correlation coefficient tests.
Normality Testing: Kolmogorov-Smirnov and Sharpiro Wilk Test
For tests of significance between groups where n equal to or greater than 30, parametric
tests were chosen because the central limit theorem allows us to assume the mean of our sample
is normally distributed. For comparisons between groups where n < 30, normality testing and QQ Plots was completed to determine if the distribution was normal. The appropriate nonparametric tests were if distribution of the group was not normal and n < 30. Refer to Statistical
addendum to see results of Kolmogorov-Smirnov tests, Shapiro Wilk tests, and Q-Q plots.
Statistical Analyses: Sleepiness
Research Question 1: Are there differences in ethnicity, BMI, sex, total airway volume,
minimum cross-sectional area, airway shape, and hyoid bone position between patients classified
as high risk vs low risk for excessive daytime sleepiness (EDS)?
Hypothesis 1.1: There is a significant difference in ethnicity between patients classified
as high risk for EDS vs. patients classified as low risk for EDS.
Null Hypothesis 1.1: There is no significant difference in ethnicity between
patients classified as high risk for EDS vs. patients classified as low risk for EDS.
Hypothesis 1.2: There is a significant difference in BMI between patients classified as
high risk for EDS vs. patients classified as low risk for EDS.
Null Hypothesis 1.2: There is no significant difference in BMI between patients
classified as high risk for EDS vs. patients classified as low risk for EDS.
Hypothesis 1.3: There is a significant difference in sex between patients classified as
high risk for EDS vs. patients classified as low risk for EDS.
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Null Hypothesis 1.3: There is a no significant difference in sex between patients
classified as high risk for EDS vs. patients classified as low risk for EDS.
Hypothesis 1.4: There is a significant difference in total airway volume between patients
classified as high risk for EDS vs. patients classified as low risk for EDS.
Null Hypothesis 1.4: There is no significant difference in total airway volume
between patients classified as high risk for EDS vs. patients classified as low risk
for EDS.
Hypothesis 1.5: There is a significant difference in minimum cross-sectional area
between patients classified as high risk for EDS vs. patients classified as low risk for
EDS.
Null Hypothesis 1.5: There is no significant difference in minimum crosssectional area between patients classified as high risk for EDS vs. patients
classified as low risk for EDS.
Hypothesis 1.6: There is a significant difference in airway shape at minimum crosssectional area between patients classified as high risk for EDS vs. patients classified as
low risk for EDS.
Null Hypothesis 1.6: There is a no significant difference in airway shape at
minimum cross-sectional area between patients classified as high risk for EDS vs.
patients classified as low risk for EDS.
Hypothesis 1.7: There is a significant difference in hyoid bone position between patients
classified as high risk for EDS vs. patients classified as low risk for EDS.

54

Null Hypothesis 1.7: There is a no significant difference in hyoid bone position
between patients classified as high risk for EDS vs. patients classified as low risk
for EDS.
A chi square test of independence was performed to examine the relationship between
ethnicity and risk for daytime sleepiness at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 1.1 cannot be
rejected. Thus, there is no statistically significant difference between ethnicity between patients
classified as high risk for excessive daytime sleepiness vs. patients classified as low risk for
excessive daytime sleepiness, X2(4, N = 282) = 9.403, p = 0.052.
A chi square test of independence was performed to examine the relationship between
BMI categories and risk for daytime sleepiness at the significance level α = 0.05. Because the p
value calculated is greater than the significance level α = 0.05, the null hypothesis 1.2 cannot be
rejected. Thus, there is no statistically significant difference between BMI categories for high vs
low risk for excessive daytime sleepiness patients X2(3, N = 180) = 4.432, p = 0.218.
A chi square test of independence was performed to determine the relationship between
sex and risk for daytime sleepiness at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 1.3 cannot be
rejected. Thus, there is no statistically significant difference between sex for high vs low risk for
excessive daytime sleepiness patients X2(1, N = 282) = 0.989, p = 0.320
Independent Samples t-test was performed to determine the relationship between total
airway volume and risk for daytime sleepiness at the significance level α = 0.05. Because the p
value calculated is greater than the significance level α = 0.05, the null hypothesis 1.4 cannot be
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rejected. Thus, there is no statistically significant difference between total airway volume in high
vs low risk for excessive daytime sleepiness patients, t(43) = 0.253, p = 0.802.
Independent Samples t-test was performed to examine the relationship between minimum
cross-sectional area and risk for daytime sleepiness at the significance level α = 0.05. Because
the p value calculated is greater than the significance level α = 0.05, the null hypothesis 1.5 is
accepted. Thus, there is no statistically significant difference between minimum cross-sectional
area between high vs low risk for excessive daytime sleepiness patients, t(39) = 0.562, p = 0.577.
A chi square test of independence was performed to determine the relationship between
airway shape at the minimum cross-sectional area between high vs low risk for daytime
sleepiness patients at the significance level α = 0.05. Because the p value calculated is greater
than the significance level α = 0.05, the null hypothesis 1.6 cannot be rejected. Thus, there is no
statistically significant difference between airway shape at the minimum cross-sectional area
between high and low risk for daytime sleepiness patients, X2(2, N = 282) = 0.867, p = 0.648.
Independent Samples t-test was performed to examine the relationship between hyoid
bone position and risk for daytime sleepiness patients at the significance level α = 0.05. Because
the p value calculated is greater than the significance level α = 0.05, the null hypothesis 1.7 is
accepted. Thus, there is no statistically significant difference between hyoid bone position
between high and low risk for daytime sleepiness patients, t(42) = 0.862 = 0.394.
Statistics Analyses: Skeletal Classification
Research Question 2: Are there differences in ethnicity, BMI, sex, total airway volume,
minimum cross-sectional area, airway shape, and hyoid bone position between patients
diagnosed a skeletal Class I, II, or III?
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Hypothesis 2.1: There is a significant difference in ethnicity between patients diagnosed
a skeletal Class I, II, or III
Null Hypothesis 2.1: There is no significant difference in ethnicity between
patients diagnosed as skeletal Class I, II, or III
Hypothesis 2.2: There is a significant difference in BMI between patients diagnosed a
skeletal Class I, II, or III
Null Hypothesis 2.2: There is no significant difference in BMI between patients
diagnosed as skeletal cClass I, II, or III
Hypothesis 2.3: There is a significant difference in sex between patients diagnosed a
skeletal Class I, II, or III
Null Hypothesis 2.3: There is a no significant difference in sex between patients
diagnosed a skeletal Class I, II, or III
Hypothesis 2.4: There is a significant difference in total airway volume between patients
diagnosed a skeletal Class I, II, or III
Null Hypothesis 2.4: There is no significant difference in total airway volume
between patients diagnosed as skeletal Class I, II, or III
Hypothesis 2.5: There is a significant difference in minimum cross-sectional area
between patients diagnosed as skeletal Class I, II, or III
Null Hypothesis 2.5: There is no significant difference in minimum crosssectional area between patients diagnosed a skeletal Class I, II, or III
Hypothesis 2.6: There is a significant difference in airway shape at minimum crosssectional area between patients diagnosed as skeletal Class I, II, or III
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Null Hypothesis 2.6: There is a no significant difference in airway shape at
minimum cross-sectional area between patients diagnosed a skeletal Class I, II, or
III
Hypothesis 2.7: There is a significant difference in hyoid bone position between patients
diagnosed as skeletal Class I, II, or III
Null Hypothesis 2.7: There is a no significant difference in hyoid bone position
between patients diagnosed a skeletal Class I, II, or III
A chi square test of independence was performed to examine the relationship between
ethnicity and skeletal classification at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 2.1 is accepted.
Thus, there is no statistically significant difference in ethnicity between patients with different
skeletal classifications, X2(8, N = 282) = 11.330, p = 0.184.
A chi square test of independence was performed to examine the relationship between
BMI categories and skeletal classification at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 2.2 is accepted.
Thus, there is no statistically significant difference in BMI categories between patients with
different skeletal classifications, X2(6, N = 282) = 3.565, p = 0.735.
A chi square test of independence was performed to examine the relationship between
sex and skeletal classification at the significance level α = 0.05. Because the p value calculated is
greater than the significance level α = 0.05, the null hypothesis 2.3 is accepted. Thus, there is no
statistically significant difference in sex between patients with different skeletal classifications,
X2(2, N = 282) = 1.898, p = 0.387.
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One Way Anova was performed to determine the relationship between total airway
volume and skeletal classification at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 2.4 is accepted.
Thus, there is no statistically significant difference between total airway volume in patients with
different skeletal classifications [F(2, 279) = 0.339, p = 0.713].
One Way Anova was performed to determine the relationship between minimum crosssectional area and skeletal classification at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 2.5 is accepted.
Thus, there is no statistically significant difference between the minimum cross-sectional area in
patients with different skeletal classifications [F(2, 279) = 1.079, p = 0.341].
A chi square test of independence was performed to examine the relationship between
airway shape at the minimum cross-sectional area and skeletal classification at the significance
level α = 0.05. Because the p value calculated is greater than the significance level α = 0.05, the
null hypothesis 2.6 is accepted. Thus, there is no statistically significant difference in airway
shape at the minimum cross-sectional area between patients with different skeletal
classifications, X2(4, N = 282) = 2.346, p = 0.672.
One Way Anova test was performed to determine the relationship between hyoid bone
position and skeletal classification at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 2.7 is acceoted.
Thus, there is no statistically significant difference between the hyoid bone position in patients
with different skeletal classifications [F(2, 279) = 0.706, p = 0.494].
Statistics Analyses: Sleepiness and Skeletal Classification

59

Research Question 3: Are there differences in ethnicity, BMI, sex, total airway volume,
minimum cross-sectional area, airway shape, and hyoid bone position between skeletal Class I,
II, and III patients classified as high vs. low risk for excessive daytime sleepiness
Hypothesis 3.1: There is a significant difference in ethnicity between skeletal Class I, II,
and III patients classified as high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.1: There is no significant difference in ethnicity between
skeletal Class I, II, and III patients classified as high vs. low risk for excessive
daytime sleepiness
Hypothesis 3.2: There is a significant difference in BMI between skeletal Class I, II, and
III patients classified as high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.2: There is no significant difference in BMI between skeletal
Class I, II, and III patients classified as high vs. low risk for excessive daytime
sleepiness
Hypothesis 3.3: There is a significant difference in sex between skeletal Class I, II, and
III patients classified as high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.3: There is a no significant difference in sex between skeletal
Class I, II, and III patients classified as high vs. low risk for excessive daytime
sleepiness
Hypothesis 3.4: There is a significant difference in total airway volume between skeletal
Class I, II, and III patients classified as high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.4: There is no significant difference in total airway volume
between skeletal Class I, II, and III patients classified as high vs. low risk for
excessive daytime sleepiness
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Hypothesis 3.5: There is a significant difference in minimum cross-sectional area
between skeletal Class I, II, and III patients classified as high vs. low risk for excessive
daytime sleepiness
Null Hypothesis 3.5: There is no significant difference in minimum crosssectional area between skeletal Class I, II, and III patients classified as high vs.
low risk for excessive daytime sleepiness
Hypothesis 3.6: There is a significant difference in airway shape at minimum crosssectional area between skeletal Class I, II, and III patients classified as high vs. low risk
for excessive daytime sleepiness
Null Hypothesis 3.6: There is a no significant difference in airway shape at
minimum cross-sectional area between skeletal Class I, II, and III patients
classified as high vs. low risk for excessive daytime sleepiness
Hypothesis 3.7: There is a significant difference in hyoid bone position between skeletal
Class I, II, and III patients classified as high vs. low risk for excessive daytime sleepiness
Null Hypothesis 3.7: There is a no significant difference in hyoid bone position
between skeletal Class I, II, and III patients classified as high vs. low risk for
excessive daytime sleepiness
A chi square test of independence was performed to examine the relationship between
ethnicity and the combined groups of low vs high risk for daytime sleepiness skeletal Class I, II,
and III patients at the significance level α = 0.05. Because the p value calculated is less than the
significance level α = 0.05, the null hypothesis 3.1 is rejected. Thus, there is a statistically
significant difference in ethnicity between patients with different combinations of risk for
daytime sleepiness and skeletal classification, X2(20, N = 282) = 37.131, p = 0.011. For low
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Class I, low Class II, low Class III groups, and high Class I, there are higher proportion of
Hispanics and Caucasians than other ethnicities within those groups. For the group high Class II,
there are only Hispanics and African Americans. For the high Class III group, there are more
Caucasians and African Americans than other ethnicities. Both Indians in our sample were
classified as low Class II. However, because the sample size was small, we must interpret that
result cautiously. Please refer to the stacked bar chart below for a visual representation.

Ethnicities in Combined Sleepiness and Skeletal Classification
Groups
High Class III
High Class II
High Class I
Low Class III
Low Class II
Low Class I
0

20

Hispanic

40

Caucasian

60

African American

80

Asian

100

120

Indian

Figure 4-1 Stacked Bar Chart of Ethnicities in Sleepiness and Skeletal Classification Groups.

A chi square test of independence was performed to examine the relationship between
BMI categories and the combined groups of low vs high risk for daytime sleepiness skeletal
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Class I, II, and III patients at the significance level α = 0.05. Because the p value calculated is
greater than the significance level α = 0.05, the null hypothesis 3.2 is accepted. Thus, there is no
statistically significant difference in BMI categories between patients with different
combinations of risk for daytime sleepiness and skeletal classification, X2(5, N = 282) = 3.564, p
= 0.614.
A chi square test of independence was performed to examine the relationship between
sex and the combined groups of low vs high risk for excessive daytime sleepiness and skeletal
Class I, II, and III patients at the significance level α = 0.05. Because the p value calculated is
greater than the significance level α = 0.05, the null hypothesis 3.3 is accepted. Thus, there is no
statistically significant difference in sex between patients with different combinations of risk for
daytime sleepiness and skeletal classification, X2(5, N = 282) = 3.564, p = 0.614.
A Kruskal Wallis H test was performed to determine the relationship between total
airway volume and the combined groups of low vs high risk for excessive daytime sleepiness
and skeletal Class I, II, and III patients at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 3.4 is accepted.
Thus, there is no statistically significant difference between total airway volume in patients with
different combinations of risk for daytime sleepiness and skeletal classifications [F(2, 279) =
0.339, p = 0.713].
A Kruskal Wallis H test was performed to determine the relationship between minimum
cross-sectional area and the combined groups of low vs high risk for excessive daytime
sleepiness and skeletal Class I, II, and III patients at the significance level α = 0.05. Because the
p value calculated is greater than the significance level α = 0.05, the null hypothesis 3.5 is
accepted. Thus, there is no statistically significant difference between minimum cross-sectional
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area in patients with different combinations of risk for daytime sleepiness and skeletal
classifications [F(2, 279) = 1.079, p = 0.341].
A chi square test of independence was performed to examine the relationship between
airway shape at the minimum cross-sectional area and the combined groups of low vs high risk
for excessive daytime sleepiness and skeletal Class I, II, and III patients at the significance level
α = 0.05. Because the p value calculated is greater than the significance level α = 0.05, the null
hypothesis 3.6 is accepted. Thus, there is no statistically significant difference in airway shape at
the minimum cross-sectional area between patients with different combinations of risk for
daytime sleepiness and skeletal classification, X2(10, N = 282) = 5.300, p = 0.870.
A Kruskal Wallis H test was performed to determine the relationship between hyoid bone
position and the combined groups of low vs high risk for excessive daytime sleepiness and
skeletal Class I, II, and III patients at the significance level α = 0.05. Because the p value
calculated is greater than the significance level α = 0.05, the null hypothesis 3.7 is accepted.
Thus, there is no statistically significant difference between hyoid bone position in patients with
different combinations of risk for daytime sleepiness and skeletal classifications [F(2, 279) =
0.706, p = 0.494].

64

Chapter 5: Discussion
Obstructive Sleep Apnea is a common, but undiagnosed medical condition with a
plethora of negative consequences on a patient’s overall health (Dempsey, J.A., Veasey, S.C.,
Morgan, B.J., & O’Donnell, 2010). It is believed that 85% of patients deal with OSA symptoms
daily but go undiagnosed (Motamedi et al., 2009). OSA is defined as the occurrence of at least 5
episodes per hour of sleep during which respiration temporarily stops (Motamedi et al.,
2009).Symptoms range from depression to more severe consequences such as death. (Dempsey,
J.A., Veasey, S.C., Morgan, B.J., & O’Donnell, 2010). A major symptom that is being reported
is daytime sleepiness (Motamedi et al., 2009). There are several established risk factors that
place patients at increased risk for OSA, which are BMI and snoring. Studies are beginning to
show associations between narrowing of the upper airway and previous studies analyzing OSA
have shown an association between small upper airway dimensions in OSA patients (Ogawa et
al., 2007). Additionally, there are new studies that reports that skeletal classification play a role
in whether people have reduced or enlarged airway dimensions (Iwasaki et al., 2009). The goal
of the study was to see if there any differences in ethnicity, BMI, gender, total airway volume,
minimum cross-sectional area, airway shape, and hyoid bone position in high vs low skeletal
class I, II, and III patients. This information will add to the body of literature regarding OSA and
its risk factors. The more we know about OSA and its risk factors will allow dental practitioners
to detect the condition and the appropriate referrals quicker before severe consequences can
occur.
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The results of our showed no significant differences between ethnicity, BMI category,
sex, total airway volume, minimum cross-sectional area, airway shape at the minimum crosssectional area, and hyoid bone position between high vs low risk for sleepiness patients.
Furthermore, our study showed no differences for the same variables mentioned above when
compared between skeletal class I, II, and III. Lastly, when comparing the same variables
mentioned above for a combined group of different combinations of risk for sleepiness and
skeletal classification groups, there was no statistically significant differences except for
ethnicity.
Our findings agree with certain studies and contrast with others for many different
reasons. These reasons include different sample sizes, characteristics of the study population,
and methodology. One specific example is our findings show no statistically significant
difference in ethnicities between high and low risk for excessive daytime sleepiness patients.
This contradicts the findings over a study done by Baron and associates. They examined the
relationship between ethnicity and daytime sleepiness and found “Whites were more likely than
African Americans, Hispanics, and Chinese to report feeling excessively sleepy greater than
equal to 5 days per month, but African American men and women, as well as Hispanic men,
were more likely to score greater than 12 on the ESS (Baron et al., 2010).” One likely reason for
the discrepancy is the difference of methodology between the Baron’s study and the study we
did. In our study we defined low sleepiness as scoring lower than a 11on ESS. High was defined
as scoring 11 or higher. In Baron’s study, they categorized sleepiness differently, which could be
one of the possible reasons for the discrepancy between their conclusion and the conclusion of
our study. Other possible reasons for the discrepancy include sample size, characteristics of the
study population, and accuracy of the self-reported survey results of the ESS.
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Another example is our findings regarding BMI and risk for daytime sleepiness
contradicts the conclusion of other articles. For instance, Maugeri and associates report that there
is a link between people risk for daytime sleepiness and BMI categories (Maugeri et al., 2018).
They report that increase in BMI means an increased chance for excessive daytime sleepiness,
which were statistically significant (Maugeri et al., 2018). Furthermore, Slater and associates
also agree that there is a statistically significant increased chance for excessive daytime
sleepiness the higher the BMI the person has (Slater, Pengo, Kosky, & Steier, 2013). Possible
reasons for the discrepancy between the results are sample size, how the sample size was
obtained, and characteristics of the study population, For instance, the sample for Slater’s
research was obtained from patients undergoing overnight polysomnography during a threemonth period (May-July 2011) in the Sleep Disorders Centre at Guy’s and St Thomas’ NHS
Foundation Trust in London, UK (Slater et al., 2013). Our sample size was obtained from the
UNLV School of Dental Medicine who had a CBCT code completed above the age of 18. This is
a possible reason for the discrepancy along with many other possibilities ranging from
methodology of the study and accuracy of the survey responses to the Epworth Sleepiness Scale
by patients.
Limitations
One of the limitations of our study is we used Epworth Sleepiness Scale to determine if a
patient is a patient is assumed to have obstructive sleep apnea or not. Although excessive
daytime sleepiness is a major and common symptom in those that do have OSA, it does not mean
all OSA patients have excessive daytime sleepiness as a symptom. It also means that not all
patients with excessive daytime sleepiness is at risk for OSA. This could lead to incorrect
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classification of patients who have OSA and those who do not have OSA. The gold standard to
determine if someone is OSA is a polysomnography, which we did not have access to.
Another limitation is we used our sample consisted of using a non-probability sampling
which, specifically a convenience sample of UNLV orthodontic adult patients. Thus, the results
of our study cannot be applied to high and low risk daytime skeletal I, II, and III patients in the
entire population. It can only be applied to UNLV orthodontic adult patients. A probability based
sampling method such as simple random sampling or stratified sampling should be used in future
studies if we would like to draw valid conclusions to all patients with classified as high and low
skeletal class I, II, and III.
Another possible flaw in our study is our data collection relied on the accuracy of
patients’ answers on the Epworth Sleepiness Scale survey. Several possible reasons the data
reported on surveys may not be accurate include participants may not be comfortable providing
information in unfavorable manner, data errors due to participants accidently or intentionally
leaving questions blank, or lack of motivation to fully read and understand the question before
answering.
Lastly, we had to use nonparametric statistical analyses for some of our comparisons due
to not having a big enough sample size in each group we compared. Although it is the correct
test to use in these situations when the distribution of the sample is not large enough, the
drawback is it typically provides larger p values. Thus, it is harder to reject the null hypothesis
and prove significance with non-parametric testing.
Future Studies
There are many studies that attempt to identify risk factors of OSA. Some risk factors are
well established, some controversial, and some new risk factors are just beginning to be
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identified especially in the orthodontic and dental world. Potential future studies could involve
replicating studies that identified less established risk factors for OSA with prospective data
collected. Another possible study is relying on STOP BANG or other OSA screening tools to
identify OSA patients. A potentially stronger study is to use overnight PSG as a method to
definitively identify OSA patients instead of a survey. Furthermore, the studies can be replicated
to see if the results are the same for different population types. Lastly, future studies could
involve identifying new risk factors for OSA. Examples would include identifying the role of
tongue size, soft palate size, narrow maxillas, antero-posterior and lateral dimensions of the
minimum cross-sectional area, vertical skeletal classification, and teeth extractions on
developing OSA. Understanding risk factors will allow dental practitioners to effectively screen
for patients at risk for OSA leading to quicker diagnosis and treatment before long term adverse
consequences develop.
Conclusion
OSA is a severe condition with life threatening morbidity in the long term that often goes
unnoticed. It is a condition where the gold standard to diagnose is a polysomnography in a sleep
laboratory. However, polysomnography is expensive and time consuming making it hard to
diagnose all the patients with undiagnosed OSA. To help solve this problem, at home sleep tests
were developed to help undetected OSA in the population to be diagnosed. At home sleep tests
has reduced the cost and time necessary to diagnose the condition. Despite that, there are still
millions of people living with the symptoms of OSA and do not know they have a condition that
is treatable with lifestyle changes, continuous positive airway devices, and maxilla-mandibular
surgery. The results of our study add to the body of knowledge regarding OSA, which will help
in determining what risk factors to watch for when screening patients. This will allow dental and
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medical professionals to recognize that certain patients are at risk for OSA and make the
appropriate referrals to get OSA diagnosed and treated early.
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Addendum A: IRB Approval Form
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Addendum B: Epworth Sleepiness Scale
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Addendum C: UNLV Epworth Sleepiness Scale
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Addendum D: Statistical Analysis Tables
CHI SQUARE TABLES
Sleepiness*Ethnicity

Sleepiness*BMI Category

Sleepiness*Airway Shape
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Sleepiness*Gender

Skeletal*Ethnicity

Skeletal*BMI Category
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Skeletal*Airway Shape

Skeletal*Gender

Skeletal_Sleep*Ethnicity
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Skeletal_Sleep*BMI Category

Skeletal_Sleep*Airway Shape

Skeletal_Sleep*Gender
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INDEPENDENT SAMPLES T-TEST TABLE
Sleepiness*Total Airway Volume, Minimum Cross-Sectional Area, and HyoidMP

ONE-WAY ANOVA TABLE
Skeletal*Total Airway Volume, Minimum Cross-Sectional Area, and HyoidMP
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KRUSKAL WALLIS TABLE
Skeletal_Sleep*Total Airway Volume, Minimum Cross-Sectional Area, and HyoidMP

INTRACLASS CORRELATION COEFFICIENT TABLES
Total Airway Volume
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Minimum Cross-Sectional Area

Hyoid-P

Kolmogorov-Smirnov and Shapiro-Wilks Tests for Normality
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Normal Q-Q Plot of TAV For Combined Sleepiness and Skeletal Classification Groups
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Normal Q-Q Plots of MCS for Combined Sleepiness and Skeletal Groups
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84
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Normal Q-Q Plot of Hyoid Bone Position For Combined Sleepiness and Skeletal Groups
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